This paper challenges the assumption that low cost CAPEX (capital expenditure) water supply infrastructure provides reduced life cycle costs when compared with higher cost CAPEX investments. The assumption is applied through a comparison of 10 years of financial data (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016) from point source water supplies (accompanied by Emergency Expenditure -EMMEX investments -emergency water trucking, treatment and distribution) and piped water supply systems in two districts of the Ethiopian Central Highland region of Amhara. This study concluded that on average point source water supplies accessing shallow groundwater were non-functional for an average of 60 months in a project period of 10 years. To supplement the water supply demand during the non-functionality period, emergency water trucking and treatment was provided over a 10 year period at a per capita cost of USD 2,257. In comparison, the per capita cost of piped water supplies was USD 65 for a project period of 20 years. The study concluded that piped water supplies are less expensive than point source supplies when CAPEX and emergency water supply provision costs are considered under a life cycle cost analysis.
could lead to subsoil saturation, increased evapotranspiration and flooding. Mitigation measures to combat water scarcity require both changes to social norms such as wise water management as well as technology adaptation (Godfrey et al. ) . Water scarce countries such as Australia have attempted to adapt their approach to water supply provision by focussing on climate resilient water systems (Amarasinghe et al. ) . However, challenges in the provision of climate resilient water supplies include limited data on the cost effectiveness of these interventions and restricted published information on the means of policy modifications. Watts et al. () developed a methodology to test the drought resilience of two contrasting English water resource systems. The paper concluded that a combination of significant behaviour change to reduce consumer demand combined with engineering measures were required during a peak drought period to ensure the continuity of supply. This however assumes that water supply planners have selected the most appropriate water supply option at the outset.
In the case of many developing countries, water supply coverage levels remained low during the Millennium Development Goal (MDG) period. In order to boost coverage, water supply planners and policy makers selected low cost 'point source' water supply options to boost minimal water supply coverage in the attempt to achieve the global MDG targets. Hutchings et al. () , in a study of rural wells with hand pumps in Bihar, India, note that there is a need for a move from a binary understanding of access to water supply to a holistic measure of service level that is climate resilient.
This, argue Hutchings et al. () , will reduce the potential of politicization of water supply access data. India was not alone in the MDG era in politically supporting lower cost and non-climate resilient water supply technologies. Jowitt () noted a disconnect between choices of water infrastructure, the UN MDGs and sustainable development.
Ethiopia has invested substantially in the water supply sector since 1990 and has improved access to water supply from 13% to 57% by 2015. A total of 49 million people have gained access to water during the 25 year period (WHO/UNICEF Joint Monitoring Programme ). Analysis of the water supply technologies used to achieve this target reveals that 40 million people have benefited from low cost, point source, water supplies that are largely dependent on rain-fed shallow aquifers. Ethiopia has also applied a number of quantitative tools to aid the development of water security policy (Robinson et al. ) and as demonstrated by Grey & Sadoff () , there is direct relationship between rainfall availability and GDP in Ethiopia. This implies that when communities are affected by drought their socio-economic wellbeing is hindered and there is an increased reliance on external (emergency) support.
In the period of the Sustainable Development Goals (SDGs), the water supply goals have become universal and require a higher level of both service and coverage. Ait-Kadi () states that water supply is not only relevant for Goal 6 of the SDGs but is at the heart of the achievement of all SDGs. This view is supported by Thompson & Koehler () . However, despite this recognition, and the linkage to 
MATERIALS AND METHODS
The study employed a combination of data collection methods at the local level, including the following:
1. Key informant interviews with local government officers, discussions with communities and field observation.
2. Meta-analysis of available data on water availability and access, prevalence of drought, rainfall pattern, type of water supply schemes and resources required for emergency response. The source of data for water availability and water supply sources is woreda water offices while the source of data for costs of emergency response is UNICEF. The analysis on the prevalence of drought and rainfall pattern is taken from previous studies.
The fundamental questions modelled were:
• What is the availability of water during a normal rainfall period and drought year from HDWs and RPSs considering a 10 year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) ?
• What are the costs of emergency response during times of drought when there is no water from these sources?
• Are low cost technology options the best value for money in rural water supply programmes considering continuity of service including at times of drought emergency?
• What should be the public policy and strategy to improve resilience and reduce vulnerability during times of drought?
The prevalence of drought for the last 10 years (from 2006 to 2015) was analysed identifying periods of drought (indicated in months) and emergency response associated Based on the number of months of water unavailability (total months during the project period), the cost of emergency intervention is calculated.
Life cycle costs are considered to be the full costs of delivering adequate water, to a specific population in a particular geographic area -not just for a few years but serving for the designed period.
Under this study life-cycle costing is divided into domains and for the case of this paper that include capital expenditure costs for fixed assets (CAPEX), emergency expenditure costs (EMMEX) and operation expenditure costs (OPEX) ( Table 1 ).
The life cycle cost can be calculated using the formula CAPEX þ EMMEX þ OPEX/(Beneficiaries × DP) where beneficiaries are people using the water supply system and DP is the design period of the water supply system. Drought is experienced regularly and during these periods emergency support is required. This study showed that a distinctive HDW is not providing water in an average of more than 55 months in a project period of 10 years. The emergency response during these periods is highly expensive and estimated to be USD 415,826. For communities living in The study provided evidence that the cost of providing emergency water supply is very high to the extent that, during the life cycle of a HDW, the total capital cost of the well and the cost of emergency response through the project period (life cycle) is almost double the cost of piped systems.
RESULTS
Properly designed and constructed RPSs have a longer service period and provide the additional amenity of being a source of water for water trucking to emergency affected areas. RPSs. It is also observed from the study that no cost is required for emergency response for piped systems as these systems were sustained through drought and continuously provided water.
In the case of average annual costs, HDWs are four times more expensive than RPSs (Figures 10 and 11 ). The service life (life cycle) for RPSs is twice as long as that of HDWs, contributing to annual cost effectiveness for RPSs.
The average annual per capita cost as seen in Figure 12 is significantly higher for HDWs than RPSs. This indicates that investing in RPSs for rural water supply programmes is more efficient in terms of cost, service and reliability than HDWs that could not provide water during drought periods and have a short life cycle. It can be noticed that investment in RPSs has a higher return in terms of cost effectiveness and quality of service than HDWs. Serving more than one village from one source (multi-village water supply system) is an added value of the piped systems that allow conveying water from an area where water is available to areas where there is no feasible water source in the village or within the vicinity. 
DISCUSSION
The strategic concept of providing water supply using low technology options was considered to be the most appropriate in water supply programming in Ethiopia during the MDG period. The strategy allowed provision of basic water services with low per capita costs but without considering long-term effects on continuity of service and vulnerability to environmental hazards including rainfall variability and prevalence of drought.
Water supply planners and policy makers preferred low cost water supply options as a strategy to boost minimal water supply coverage in an attempt to obtain the global MDG targets. However, while low cost and low technology options are useful to increase access, they are observed to be unsustainable in extreme drought. This study showed the susceptibility of manually constructed dug wells to this Consideration of climate-related risks in current and future water supply programmes is necessary in order to mitigate risks associated with water insecurity. Besides, construction of low cost options in water supply programmes need only be considered cautiously alongside resilient water supply systems that withstand recurrent drought. Table A7 (available with the online version of this paper) shows that proposed drought risk management for rural water supply is necessary considering issues of resilient water supply options as perceived from this study.
CONCLUSION
The SDGs pursue the ambition of universal access to safely managed water supplies. Evidence in this paper suggested that to maximise investments, wise technology selection is required in order to minimise potential life cycle costs. Such climate-impacted droughts are becoming more frequent in Ethiopia making communities highly vulnerable to water insecurity. Therefore, investments for water supply facilities must consider climate-related and other risks and emphasize resilient water supply systems that consider continuity of services even at times of hazards.
For areas where groundwater is not available, a source could be developed where it is feasible and the water conveyed to areas where groundwater development is either not feasible or is prohibitively expensive. Therefore focusing on only initial investment costs with the objective of boosting basic water supply coverage as the primary criterion to identify water technology options needs to be reconsidered.
The study concluded that piped water supply systems with higher initial investment costs than HDWs are less expensive in terms of life cycle costs than point sources. With average annual costs of point sources four times more expensive than piped water supplies, this demonstrates the need to recognise resilient water supply systems in future water supply programming.
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